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Summary
Introduction: Despite the success of reverse shoulder arthroplasty, the rate of scapular notching
phenomena is high and represents a signiﬁcant risk of glenoid prosthetic component loosening
over the long term. The aim of this study was to perform an arthroscopic dynamic analysis of
the impingement of the humeral cup on the neck of the scapula in order to highlight the causes
of the occurrence of this notch and possible ways to avoid it.
Materials and methods: The SMR reverse shoulder prosthesis (Lima®) was successively
implanted in 11 shoulders of seven cadavers. Three glenospheres (36mm, 36mm with a 4-mm
lowering offset, and 44mm) were consecutively tested on each shoulder. An arthroscopic study
was then performed in each case looking for scapular notching depending on the position of the
shoulder, its exact location, and any resulting prosthetic instability. Rates of notching for each
glenosphere in the different shoulder positions were compared.
Results: For each glenosphere, the highest rates of notching were recorded in the zero abduc-
tion position. Increasing abduction reduced the rates of notching and prosthetic instability for
all types of glenosphere. External rotation increased both risks with 36-mm glenospheres but
reduced them with the 44-mm glenosphere. The lower center of rotation, thus, reduced the
risk of notching but increased the risk of instability associated with it. Increasing the prosthetic
diameter reduced both risks.
Conclusion: Reducing the risk of scapular notching and prosthetic instability requires, in addi-
tion to a lower center of rotation, the use of glenosphere diameters greater than 36mm. The
use of a humeral cup with a pos
risk.
Level of evidence: Level IV.
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ntroduction
n the 1980s, the modest beneﬁts obtained with standard
nd anatomic shoulder prostheses in omarthritis associ-
ted with unrepairable rupture of the rotator cuff led to
earching for ways to improve the functional results. Paul
rammont demonstrated the importance of the center of
otation position and sought to compensate for the deﬁ-
ient rotator cuff with optimal use of the deltoid muscle,
he only remaining motor function muscle of the shoulder.
n absence of rotator cuff muscles, intrinsic rebalancing of
he middle deltoid reinforced its abduction component. The
everse shoulder prosthesis makes it possible to overcome
limination of supraspinatus muscle activity by medializing
he center of the glenohumeral joint and increasing the lever
rm of the deltoid [1,2].
After this success and subsequent innovations, notably
he positive effect of lowering the center of rotation in
ddition to medialization, several complications remain to
e resolved, in particular scapular notching, involving the
uperolateral part of the pillar of the inferior edge of the
capular neck, themain source of clinical failure and surgical
evision.
The objective of this study was to demonstrate the causes
f scapular notching occurrence and the means to prevent
t, by carrying out an arthroscopic dynamic analysis of the
ontact of the humeral cup on the scapular neck.
aterial and methods
his cadaver study was conducted in the Anatomy Labora-
ory of the Rouen Faculty of Medicine and Pharmacy. The
MR reverse shoulder prosthesis (Lima®) (Fig. 1) was succes-
ively implanted in 11 shoulders of seven cadaver subjects.
n arthroscopic analysis was then performed in each case,
earching for scapular notching, its exact location, and the
xistence of any resulting implant instability. The choice of
Figure 1 Lima SMR reverse prosthesis.
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his prosthesis was based on the modularity of the gleno-
phere (four models were available).
The cadaver was installed in the sitting position. A Mar-
ini approach was used, allowing the distal insertion of the
eltoid muscle to be raised with its bony insertion. The
lenohumeral joint was then exposed, after resection of
he residual rotator cuff if necessary (supraspinatus and
nfraspinatus). The subcapsular tendon was preserved. The
umeral and then glenoid implants were placed by the same
perator using the ancillary instrumentation in a similar
ashion in all cases so as to ensure reliable and optimal
omparison of the different observations.
The humeral head was perforated at its summit using a
quare nail, then the intramedullary reamer was inserted
ntil the cutting guide touched the anatomic neck. This
as attached using four 2-mm Kirschner wires with in all
ases a 20◦-retroversion adjusted in relation to the fore-
rm. The osteotomy of the humeral head was performed
sing an oscillating saw with a 150◦-inclination in relation to
he diaphyseal axis. The humeral stem was not cemented.
he glenoid was then exposed using a Fukuda retractor posi-
ioned at its lower pole resting on the protector of the
umeral cut. The center of the glenoid was deﬁned by the
ntersection between its vertical and horizontal axes. The
uide pin was inserted along the vertical axis, so that the
etaglene was ﬂush with the inferior pole of the glenoid.
he wire was inserted horizontally, perpendicular to the
lenoid, so that no inferior tilt or superior tilt resulted.
imilarly, no retroversion or anteversion was given to the
lenoid implant. The glenoid peg was fashioned with a spe-
iﬁc cannulated drill positioned on the guidewire, then the
artilage was resected to the subchondral bone using the
lenoid reamer. The metallic metaglene (Fig. 2), shaped
ike a convex capsule, contrary to the ﬂat baseplate of the
rammont implant, was adapted to the normal curve of the
ony glenoid. It was ﬁxed in the bone with a central peg
eld in place with the press-ﬁt technique with two addi-
ional screws. The glenosphere was ﬁxed on the metaglene
y impaction of the Morse cone.
Three Lima glenospheres (36mm, 36mm with 4mm infe-
ior off-centering, and 44mm) were successively placed
n the metaglene, ﬁxed with screws, and tested on the
1 shoulders. The glenospheres had been marked before-
and with an engraved clockwise marking for the right shoul-
ers and a counterclockwise marking for the left shoulders
igure 2 Lima metaglene convexity, contrary to the ﬂat base-
late of the Grammont prosthesis.
Analysis of scapular notching in reverse shoulder arthroplasty 781
Table 1 36-mm standard glenosphere.
36-mm standard External rotation Total
0◦ 30◦ 60◦
Abduction 0◦ 11N (6.8 h)
3 S
11N (7 h)
6 S
22N / 22
9 S
30◦ 8N (7.5 h)
0 S
6N (7.6 h)
2 S
8N (7.6 h)
8 S
22N / 33
10 S
60◦ 2N (7.8 h)
0 S
6N (8.6 h)
0 S
11N (7.2 h)
11 S
19N / 33
11 S
Total 21N / 33 23N / 33 19N / 22
1
63N / 88
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N: notching; S: subluxation. Number of notches (glenoid notching
so as to visualize the locations of scapular notching and
subluxation arthroscopically.
After reduction of the implant, the deltoid was reinserted
impermeably to facilitate retention of arthroscopic saline
solution. Its earlier disinsertion with a humeral bone plug at
the deltoid V provided solid bone ﬁxation using a screw and
two Hoffmann external ﬁxation pins.
Two arthroscopic approaches were used: a classic pos-
terior approach and a low anterior approach through the
subscapular tendon, at the base of the acromioclavicular
joint. For the three Lima glenospheres, eight positions were
studied: 0◦ abduction for successive external rotation of 0◦
(ER 0◦) and 30◦ (ER 30◦), and 0, 30, and 60◦ abduction for
external rotations of 30 and 60◦ (ER 30◦, ER 60◦). The pres-
ence of scapular notching and any resulting subluxation were
sought as well as the location on the glenospheres using
the engraved marking. Subluxation was deﬁned by visual-
ization of a beginning of humeral cup dislocation in relation
to the glenosphere. The data for each shoulder were col-
lected on an Excel double-entry spreadsheet: the position
of the shoulder in abduction and external rotation noted
in the spreadsheet rows and the existence of notching or
subluxation in relation to the glenosphere noted in columns.
Each arthroscopy was digitized using Pinacle® software
and recorded on a hard disk.
The notching rate for each glenosphere in the different
shoulder positions was compared using an exact test based
on the binomial law on matched series, equivalent to the
McNemar test. A difference between two glenospheres was
deemed signiﬁcant when the p-value was less than 0.05.
Results
Eight positions for each of the three Lima glenospheres
were studied on 11 shoulders, i.e., 88 arthroscopic observa-
tions for each of the three Lima glenospheres for a total of
264 observations. This allowed us to analyze implant center-
ing and stability in relation to the type of glenosphere used
as well as the abduction position and external rotation.
36-mm glenosphere (Table 1)Of the 88 arthroscopic observations, scapular notching was
noted in 71.5% of the cases. This led to implant subluxation
in 47.6% of the cases.
t
s
o9 S 30 S
subluxations.
In zero abduction, scapular notching was observed sys-
ematically. This was for the most part inferior, at a mean
.8 h (range, 5—8h). Increasing abduction progressively
educed the number of inferior notches for all external
otation values. Of the 11 shoulders in zero ER, 11 cases of
otching were observed in 0◦ abduction, eight in 30◦ abduc-
ion, and two in 60◦ abduction.
Notching progressively became posteroinferior with
bduction (6.8 h in 0◦ abduction, 7.8 h in 60◦ abduction).
External rotation increased the risk of notching: 63.6%
21/33) in 0◦ ER, 69.7% (23/33) in 30◦ ER, and 86.4% (19/22)
n 60◦ ER. In the extreme position (abduction 60◦, external
otation 60◦), notching was observed systematically.
Abduction improved implant stability by decreasing the
umber of subluxations caused by notching, whereas exter-
al rotation increased it. In 60◦ external rotation, notching
ystematically caused implant subluxation, whatever the
egree of abduction.
6-mm eccentric glenosphere (Table 2)
he 36-mm eccentric glenosphere signiﬁcantly reduced the
verall rate of notching compared to the standard gleno-
phere, which decreased from 71.5 to 43.2% (P < 0.00005).
owever, if notching was present, the overall rate of sub-
uxation was higher than that of the standard glenosphere
76.3% versus 47.6%).
Placing the shoulder in abduction clearly improved cen-
ering: in all of the observations with this glenosphere, the
otching rate decreased from 68.2% (15/22) in zero abduc-
ion to 42.4% (14/33) in 30◦ abduction and to 27.3% (9/33)
n 60◦ abduction.
External rotation increased the notching rate: when the
houlder was in 60◦ abduction, the notching rate increased
rom 1/11 (9.1%) in 0◦ ER to 6/11 (54.5%) in 60◦ ER. The risk
f notching with external rotation was lower than the risk
ith the standard glenosphere, although non signiﬁcantly: in
aximum external rotation, whatever the degree of abduc-
ion, the notching rate decreased from 86.4% (19/22) with
he standard glenosphere to 63.6% (14/22) with the eccen-
ric glenosphere.The 36-mm eccentric glenosphere shifted the notching
o a more posterior location in the glenoid compared to the
tandard glenosphere. For example, of the eight notches
bserved in 30◦ abduciton/60◦ ER with the two types of
782 O. Boughebri et al.
Table 2 36-mm eccentric glenosphere.
36-mm eccentric External rotation Total
0◦ 30◦ 60◦
Abduction 0◦ 7N (7.1 h)
3 S
8N (7.25 h)
8 S
15N / 22
11 S
30◦ 3N (7.5 h)
1 S
3N (7.6 h)
1 S
8N (8 h)
8 S
14N / 33
10 S
60◦ 1N (9.5 h)
0 S
2N (9 h)
2 S
6N (7.8 h)
6 S
9N / 33
8 S
Total 11N / 33
4 S
13N / 33
11 S
14N / 22
14 S
38N / 88
29 S
Number of notches (glenoid notching) and subluxations.
Table 3 44-mm glenosphere.
44mm External rotation Total
0◦ 30◦ 60◦
Abduction 0◦ 8N (6,7 h)
2 S
7N (7.4 h)
3 S
15N / 22
5 S
30◦ 3N (7.3 h)
0 S
3N (7.3 h)
0 S
6N (7.3 h)
2 S
12N / 33
2 S
60◦ 2N (8 h)
0 S
1N (6 h)
0 S
1N (6.5 h)
1 S
4N / 33
1 S
Total 13N / 33
2 S
11N / 33
3 S
7N / 22
3 S
31N / 88
8 S
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lenosphere, the mean location was at 7.6 h with the stan-
ard glenosphere and 8 h with the eccentric glenosphere. In
0◦ abduction, the only impingement in 0◦ ERwith the eccen-
ric glenosphere was located at 9.5 h and the two notches in
0◦ ER at a mean 9 h.
4-mm glenosphere (Table 3)
he 44-mm glenosphere signiﬁcantly reduced the notching
ate compared to the two 36-mm glenospheres. The risk
as reduced by nearly half compared to the standard 36-
m glenosphere (P < 0.000001), decreasing from 71.6% of
he 88 observations with the 36-mm standard glenosphere
o 35.2% with the 44-mm glenosphere. Most particularly,
n 60◦ abduction, the risk decreased from 57.6% (19/33) to
2.1% (4/33) (P < 0.0005). The risk of instability in cases of
otching was 25.8% of all the observations, for a signiﬁcant
mprovement compared to the two 36-mm glenospheres
P < 0.0001).
Similar to the 36-mm glenospheres, placing the shoul-
er in abduction had a centering effect: the notching rate
ecreased from 68.2% (15/22) in 0◦ abduction to 12.1%
4/33) in 60◦ abduction.
Contrary to the 36-mm glenospheres, external rotation
lso improved centering: from 39.4% (13/33) of the notches
a
h
u
wn 0◦ ER, this was reduced to 33.3% (11/33) in 30◦ ER and to
1.8% (7/22) in 60◦ ER.
iscussion
he clinical results of total reverse shoulder arthroplasty in
he treatment of omarthritis associated with unrepairable
upture of the rotator cuff [3—6] and, more recently,
omplex fractures of the proximal humerus [7—10] are
ncouraging, notably in terms of pain and function. How-
ver, the causes of the occurrence of scapular notching,
ften observed on X-rays in the early postoperative months,
emain partially unexplained. Nérot’s [11] radiographic clas-
iﬁcation makes it possible to assess the potential for
rogression. The notching rates reported vary: none for Cuff
t al. [12] and Frankle et al. [13], 24% for Young et al. [14],
6% for Valenti et al. [11], 62% for Lévigne et al. [15], 63%
or Boulahia et al. [16], 65% for Sirveaux et al. [3], 74% for
oileau et al. [17,18], and 96% for Werner et al. [6]. In par-
icular, out of 49 SMR (Lima®) implants revised at a mean
ollow-up of 38months, Young et al. [14] found 24% infe-
ior notches (12 cases). They measured less than 5mm in
ll cases and never reached the inferior glenoid screw. No
umeral or glenoid loosening was observed at the last follow-
p, but the mean clinical results were inferior in patients
ho presented notching, although this result was not
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pAnalysis of scapular notching in reverse shoulder arthroplast
statistically signiﬁcant. In six patients in whom an eccentric
glenosphere was implanted, no notching was found. In the
present study, the eccentric glenosphere reduced the rate
of humeral notching by 28.4% of all the arthroscopic obser-
vations, a signiﬁcant difference compared to the standard
glenosphere.
Scapular notching can be the cause of radiographic mod-
iﬁcations in the bone—implant interface in the humerus or
the glenoid [15] and sometimes clinical function deterio-
ration [19]. Lévigne et al. [15], who noted 62% notching
at 47months of follow-up in 337 patients, found a signiﬁ-
cant association with the presence of glenoid and humeral
periprosthetic radiolucency, despite the absence of clinical
signs. Sixty-eight percent of these notches were visual-
ized early at 1 year of follow-up. Of 77Delta III implants
revised at a mean 44months of follow-up, Simovitch et al.
[19] found posterior notching in 44% of the cases, inferior
in 30% of the cases, and anterior in 8%. Inferior notching
was identiﬁed after a mean 4.5months and never appeared
beyond the 14thmonth. The size of the notch was signif-
icantly inversely correlated with the ﬁnal Constant score.
For Boileau et al. [18], who found 74% scapular notching
at 50months in 40 patients, there was a signiﬁcant rela-
tion with the approach used, in favor of the deltopectoral
approach compared to the anterosuperior approach. This
seems to be related to the greater ease of positioning the
glenoid implant inferiorly via the deltopectoral approach.
However, there was no signiﬁcant relation between the pres-
ence of a notch and the ﬁnal Constant score.
The arthroscopic analysis of the intra-articular behavior
of the SMR reversed shoulder implant has visually demon-
strated the contact between the humeral implant and the
posteroinferior part of the scapular neck as well as the
superolateral part of the scapular pillar, the source of the
notching. The absence of deltoid muscle tone and its role
in implant centering and stability through glenohumeral
subluxation was a limit in this study. Bone reinsertion of
the deltoid and its humerus insertion after implantation
nonetheless allowed us to simulate, at least partially, its
action. Scapulothoracic movements in abduction, clinically
difﬁcult to quantify, were also reduced on the cadaver.
Use of the standard 36-mm glenosphere implanted ﬂush
with the inferior pole of the glenoid showed constant infe-
rior contact in the neutral position (0◦, abduction, 0◦ ER),
which decreased and progressively became posteroinferior
with abduction. External rotation progressively increased
posteroinferior notching. Lowering the rotational center by
4mm with the eccentric 36-mm glenosphere and increasing
the implant diameter with the 44-mm glenosphere signiﬁ-
cantly reduced the impingement rate. The risk of implant
instability associated with notching was increased by plac-
ing the rotational center lower, whereas it was reduced
with the increase in glenosphere diameter. Many other
experimental studies have shown the value of lowering the
center of rotation and increasing the glenosphere diame-
ter: Chou et al. [20], in a study on dry bones testing, four
SMR glenosphere models (standard and inferior eccentric
36mm, standard and eccentric 44mm); Guttierrez et al.
[21], in another study on dry bones testing, three gleno-
spheres with different diameters (30, 36, and 42mm) in
three different glenoid positions (superior, central, and infe-
rior); in a cadaver study; Nyffeler et al. [22] showed that
o
f
n
i783
he placement of the metaglene 2—4mm under the lower
dge of the glenoid signiﬁcantly reduced the risk of scapu-
ar notching; in a computer-assisted 3D modeling study of
he Delta III implant (Depuy®), Kontaxis and Johnson [23]
emonstrated the complete disappearance of all notching
eginning with 6mm of lowering, with a risk, however, of
nstability due to an excessively low position of the infe-
ior screw within insufﬁcient bone stock; in another study
n a digital model, Gutiˇıerrez et al. [24] ranked the impor-
ance of the parameters providing optimal joint range of
otion without impingement: lateralization of the center
f rotation was the most important parameter, along with
nferior positioning of the glenosphere, its inferior tilt,
he neck angle of the humeral component, and prosthe-
is size. Lateralization and lowering the center of rotation
lso improved the joint range of motion, in particular in
bduction-adduction [19,22].
The results of these experimental models in terms of
hese parameters’ importance and their being taken into
ccount during implantation have been conﬁrmed by many
linical studies. Cuff et al. [12] found no notching with
6 protheses after a mean 27.5months, as a result of
—10mm lateralization of the rotational center associated
ith a slight inferior tilt of the metaglene. Frankle et al.
13] observed no notching in 60 patients reviewed at a mean
3months, using a glenosphere model including lateraliza-
ion of the center of rotation, with, however, 23.3% revision
or glenoid loosening [25]. Of the 14 revisions in Holcomb
t al.’s initial series [25], a glenosphere with a larger diam-
ter than the replaced implant was placed in 11 cases,
roviding optimal prosthetic stability. No scapular notching
as found in the 14 cases at a mean 33months of follow-up.
In addition to the modiﬁcation of the implant’s center
f rotation suggested by these results and the numerous
ther experimental and clinical studies, some authors have
roposed a complementary bone procedure or modiﬁcation
f the prothesis design. Nyffeler et al. [22] and Kontaxis
nd Johnson [23] proposed an oblique osteotomy of the
lenoid to prevent inferior impingement, but demonstrated
he superiority of lowering the center of rotation compared
o this technique. Nyffeler et al. [26] suggested modifying
he implant design so as to limit the risk of impingement
nd notching by implanting a humeral cup with asymmetri-
al edges or by reducing the inclination angle of the humeral
steotomy. Some of the implants currently on the mar-
et are, therefore, designed with an inferior indentation
n the cup’s polyethylene to limit inferior impingement.
et arthroscopic analysis of the scapular notch shows that
mpingement is essentially posteroinferior and, therefore,
he indentation of the humeral cup should be in a posteroin-
erior position instead of being shifted backward, to prevent
mpingement as much as possible.
onclusion
ynamic arthroscopic analysis of the Lima reverse shoulder
rosthesis has shown the real nature of the impingement
ccurring between the humeral implant and the posteroin-
erior part of the scapular neck, the source of scapular
otching. This study has also speciﬁed the seat of notch-
ng, which was inferior or posteroinferior depending on the
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houlder’s position. The positions of the shoulder that result
n notching were for the most part the closest to the resting
osition, elbow against the body. Abduction tended to make
he impingement disappear for all glenosphere diameters.
xternal rotation increased the risk of notching and insta-
ility with 36-mm glenospheres but reduced it with 44-mm
omponents.
The risk of instability caused by notching was reduced
y increasing the prosthesis diameter but was increased by
owering the center of rotation.
To reduce the risk of scapular notching and prosthesis
nstability, it is therefore necessary to increase the diame-
er of the 36-mm glenosphere, which is the most frequently
mplanted, in addition to lowering the center of rotation of
he reverse shoulder prosthesis. Moreover, modiﬁcation of
he implant design with a humeral cup including a posteroin-
erior indentation should, according to the observations in
his arthroscopic study, also reduce the risk of impingement
nd scapular notching. These modiﬁcations should improve
he clinical results and survival of the reverse prostheses
hose indications are growing.
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